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The present invention relates to a novel and advantageous process for the 
manufacture of androstane-1 7-carbothioates. 

Androstane-1 7-carbothioates are well known in the literature. 

Thus, a family of such products was already described in US patents 
4,188,385 and 4.198,403 to Syntex. 

Recently, this family of products has achieved wide recognition and interest 
due to the discovery of the anti-inflammatory and anti-asthma drugs 
Fluticasone (6,9-difluoro-1 10,17-dihydroxy-16-methyl-3-oxo- androsta-1 ,4- 
diene-17p-5-fluoromethyl ester) and its derivatives by Glaxo. 

Fluticasone and other related androstane-1 7-carbothioates were described in 
British patents 2,088,877 and 2,1 37,206 to Glaxo Ltd. 

The synthesis of androstane-1 7-carbothioates, as described in British patent 
2,088,877, follows a lengthy and inefficient path, exemplified in Scheme 1 for 
Fluticasone propionate. 
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Scheme 1 

.CI 




FLUTICASONE PROPIONATE 



The use of silver salts and the numerous steps for the conversion of the 
androstane-17-carbothioic acids to their fluoromethyl esters renders the 
manufacture expensive, tedious and inefficient 

It has now been surprisingly found, that this synthesis can be achieved in a 
much simpler way, by the direct esterification of the androstane-17- 
carbothioic acids with a halofluoromethane of general formula XCH2F, 
XCHF2 or XCF3 wherein X=CI or Br, to achieve the desired ester in one 
simple step (see Scheme 2). 
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Thus, the present invention provides a process for the preparation of an 
androstane-17-carbothioic ester of general formula I 



O 




*5 

(0 



wherein R-| is a fluoromethyl, difluoromethyl or trifluoromethyl group, 
F*2 represents a group CORq wherein Re is a C1.3 alkyl group; 

R3 represents a hydrogen atom; a methyl group, which may be in either the a 
or (J-configuration; or a methylene group; 

R4 represents a hydrogen, chlorine or fluorine atom; 



ft 



R5 represents a h^^gen or fluorine atom and the symbol 
single or double bond. 



.... .^ ^^3 



presents a 



by the direct esterification of a corresponding androstane-17-carbothioic acid 
of formula I wherein R-j=H with a halofluoromethane of formula XCH2F, 
XCHF2 or XCF3, wherein X = Br or CI, and optionally in the presence of a 
catalyst. 



The new process is exemplified in Scheme 3 which describes the synthesis 
of Fluticasone propionate, using as halofluoromethane bromofluoromethane 
or chlorofluoromethane. 

Scheme 3 




BrCHjF or CICH 2 F 
^ 

catalyst, 

base 




FLUTICASONE PROPIONATE 



The synthesis of androstane-17-carbothioic esters by the one-stage 
esterification of the androstane-1 7-carbothioic acids with 
bromofluoromethane or chlorofluoromethane was heretofore unknown. 

A remotely related synthesis of 4-thioandrostane-ethers was described by 
Roussel-Uclaf in European Patent 0375559. 

The aforementioned patent does not describe the synthesis of androstane- 
17-carbothioates or the use of chlorofluoromethane, but only of the 
bromofluoromethane. Also, the syntheses described are etherifications and 
not esterifications, and therefore the compounds obtained are ethers and not 
esters. 

The reaction between the androstane-17-carbothioic acids and the 



nc^ar 



halofluoromethanms preferably effected in basic medium andTan be 
enhanced by the presence of catalysts such as phase-transfer catalysts. 

The present invention also provides for an androstane-1 7-carbothioic ester of 
general formula I -1 




wherein R-j is a fluoromethyl, difluorbmethyl or trifluoromethyl group, 

R2 represents a group CORs wherein Rq is a C-1.3 alkyl group; 

R3 represents a hydrogen atom; a methyl group, which may be in either the a 
or U-configuration; or a methylene group; 

R4 represents a hydrogen, chlorine or fluorine atom; 

R5 represents a hydrogen or fluorine atom and the symbol represents a 

single or double bond, 

whenever prepared by the direct esterification of a corresponding 
androstane-1 7-carbothioic acid of formula I wherein R-|=H with a 
halofluoromethane of formula XCb^F, XCHF2 or XCF3, wherein X = Br or 
CI, and optionally in the presence of a catalyst. 

In a specially preferred embodiment, the present invention provides also for 
Fluticasone and Fluticasone propionate, whenever prepared by the direct 
esterification of a corresponding androstane-1 7-carbothioic acid of formula I 
wherein R-|=H with bromofluoromethane or chlorofluoromethane, and 
optionally in the presence of a catalyst 

While the invention will be now described in connection with certain preferred 
embodiments in the following Examples so that aspects thereof may be more 
fully understood and appreciated, it is not intended to limit the invention to 




these particular ernlKiments. On the contrary, it is intended t<^^er all 
alternatives, modifications and equivalents as may be included 
within the scope of the invention as defined by the appended claims. Thus, 
the following Examples which include preferred embodiments will serve to 
illustrate the practice of this invention, it being understood that the particulars 
shown are by way of example and for purposes of illustrative discussion of 
preferred embodiments of the present invention only, and are presented in 
the cause of providing what is believed to be the most useful and readily 
understood description of procedures as well as of the principles and 
conceptual aspects of the invention. 
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Example 1 

To 2.94 gr of 6,9 -difluoro-11p-hydroxy-16-methyl-3-oxo-17- 
propionyloxyandrosta-1,4-diene-17-carbothioic acid (I) in 80 ml THF at 0°C, 
is added 1 gr potassium tert-butylate and 0.3 gr tetrabutylammoniurn 
bromide. The mixture is stirred for 30 minutes at 0°C then heated to 30°C. A 
flow of bromofluoromethane diluted with nitrogen is passed through the 
solution for 2 hours. 

Saturated ammonium chloride solution (80 ml) and dichloromethane (120 ml) 
are added to the reaction mixture. The resulting two-phase mixture is stirred 
thoroughly for 1 hour, then the dichloromethane layer is separated, dried on 
MgS04 and evaporated to dryness. 

The crude product is purified by chromatography on silica eluted with ethyl 
acetate:hexane (3:7). The pure fractions are evaporated to dryness, 
dissolved in dichloromethane, the solution is treated with carbon black and 
evaporated to dryness. The crystalline residue (yellow oil, 650 mg) is 
recrystallised from ethyl acetate to afford 450 mg of Fluticasone propionate. 



Example 2 

To 2.94 gr of 6,9 -difluoro-1 1 B-hydroxy-16-methyl-3-oxo-17- 
propionyloxyandrosta-1,4-diene-17-carbothioic acid (I) in 80 ml THF at 0°C, 
is added 1 gr potassium tert-butylate and 0.5 gr benzyl-triethylammonium 
chloride. 

The mixture is stirred for 30 minutes at 0°C then it is charged to a pressure 
vessel rated at 200 atm. The vessel is filled with chlorofluoromethane at 1 5 
atm and heated at 100*0 for 3 hours, then it is cooled, the pressure released 
and the solution is treated with saturated ammonium chloride solution (80 ml) 
and dichloromethane (120 ml). 

The resulting two-phase mixture is stirred thoroughly for 1 hour, then the 
dichloromethane layer is separated, dried on MgSC^and evaporated to 
dryness. The crude product is purified by chromatography on silica eluted 
with ethyl acetate:hexane (3:7). The fractions are evaporated to dryness, 
dissolved in dichloromethane, the solution is treated with carbon black and 
evaporated to dryness. The crystalline residue (yellow oil, 590 mg) is 
recrystallised from ethyl acetate to afford 430 mg of Fluticasone propionate. 
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Example 3 

To 2.94 gr of 6,9 -difluoro-1 1p-hydroxy-16-methyl-3-oxo-17- 
propionyloxyandrosta-1,4-diene-17-carbothioic acid (I) in 80 ml THF at 0°C, 
is added 1 gr potassium tert-butylate and 0.5 gr tetrabutylammonium 
bromide. 

The mixture is stirred for 30 minutes at 0°C then heated to 50°C. A flow of 
chlorofluoromethane diluted with nitrogen is passed through the solution for 
1 0 hours. 

Saturated ammonium chloride solution (80 ml) and dichloromethane (120 ml) 
are added to the reaction mixture. The resulting two-phase mixture is stirred 
thoroughly for one hour, then the dichloromethane layer is separated, dried 
on MgSC>4 and evaporated to dryness. 

The crude product is purified by chromatography on silica eluted with ethyl 
acetate: hexane (3:7). The fractions are evaporated to dryness, dissolved in 
dichloromethane, the solution is treated with carbon black and evaporated to 
dryness. The crystalline residue (yellow oil, 520 mg) is recrystallised from 
ethyl acetate to afford 420 mg of Fluticasone propionate. 



Example 4 

To 2.94 gr of 6,9 -difluoro-1 10-hydroxy-1 6-methyl-3-oxo-1 7- 
propionyloxyandrosta-1,4-diene-17-carbothioic acid (I) in 80 ml THF at 0°C, 
is added 1 gr potassium tert-butylate and 0.3 gr tetrabutylammonium 
bromide. 

The mixture is stirred for 30 minutes at 0°C then it is charged to a pressure 
vessel rated at 200 atm. The vessel is filled with bromofluoromethane at 15 
atm and heated at 100°C for 2 hours, then it is cooled, the pressure released 
and the solution is treated with saturated ammonium chloride solution (80 ml) 
and dichloromethane (1 20 ml). 

The resulting two-phase mixture is stirred thoroughly for 1 hour, then the 
dichloromethane layer is separated, dried on MgSC>4 and evaporated to 
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dryness. The crud^Toduct is purified by chromatography on SfflCa eluted 
with ethyl acetate: hexane (3:7). The fractions are evaporated to dryness, 
dissolved in dichloromethane, the solution is treated with carbon black and 
evaporated to dryness. The crystalline residue (yellow oil, 470 mg) is 
recrystallised from ethyl acetate to afford 380 mg of Fluticasone propionate. 



Example 5 

To 2.94 gr of 6,9 -difluoro-1 ip-hydroxy-16-methyl-3-oxo-17- 
propionyloxyandrosta-1,4-diene-17-carbothioic acid (I) in 80 ml THF at 0°C, 
is added 1 gr potassium tert-butylate. 

The mixture is stirred for 30 minutes at 0?C then it is charged to a pressure 
vessel rated at 200 atm. The vessel is filled with tetrabutylamine at 15 atm 
and heated at 100°C for 2 hours/then it is cooled, the pressure released and 
the solution is treated with saturated ammonium chloride solution (80 ml) and 
dichloromethane (120 ml). ~ " 

The resulting two-phase mixture is stirred thoroughly for 1 hour, then the 
dichloromethane layer is separated, dried on MgSC>4 and evaporated to 
dryness. The crude product is purified by chromatography on silica eluted 
with ethyl acetate:hexane (3:7). The fractions are evaporated to dryness, 
dissolved in dichloromethane, the solution is treated with carbon black and 
evaporated to dryness. The crystalline residue (yellow oil, 350 mg) is 
recrystallised from ethyl acetate to afford 280 mg of Fluticasone propionate. 



Example 6 

To 2.94 gr of 6,9 -difluoro-1 1 B-hydroxy-1 6-methyl-3-oxo-1 7- 
propionyloxyandrosta-1,4-diene-17-carbothioic acid (I) in 80 ml THF at 0°C, 
is added 1 gr potassium tert-butylate and 0.3 gr tetrabutylammonium 
bromide. 

The mixture is stirred for 30 minutes at 0°C then it is charged to a pressure 
vessel rated at 200 atm. The vessel is filled with bromotrifluoromethane at 15 
atm and heated at 100*C for 2 hours, then it is cooled, the pressure released 
and the solution is treated with saturated ammonium chloride solution (80 ml) 
and dichloromethane (120 ml). 

The resulting two-phase mixture is stirred thoroughly for 1 hour, then the 
dichloromethane layer is separated, dried on MgSC>4 and evaporated to 
dryness. The crude product is purified by chromatography on silica eluted 
with ethyl acetate: hexane (3:7). The fractions are evaporated to dryness, 
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dissolved in dichlSFomethane, the solution is treated with carBWi black and 
evaporated to dryness. The crystalline residue (yellow oil, 420 mg) is 
recrystallised from ethyl acetate to afford 340 mg of trifIuoromethyl-6,9- 
difluoro-1 1 p-hydroxy-1 6-methyl-3-oxo-1 7-propionyloxyandrosta-1 ,4-diene- 
17-carbothioate. 

It will be evident to those skilled in the art that the invention is not limited to 
the details of the foregoing illustrative examples and that the present 
invention may be embodied in other specific forms without departing from the 
essential attributes therof, and it is therefore desired that the present 
embodiments and examples be considered in all respects as illustrative and 
not restrictive, reference being made to the appended claims, rather than to 
the foregoing description, and all changes which come within the meaning 
and range of equivalency of the claims are therefore intended to be 
embraced therein. 
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Claims: 

What we claim is: 

1 . A process for the preparation of an androstane-1 7-carbothioic ester of 
general formula I 



wherein Ri is a fluoromethyl, difluoromethyl or trifluoromethyl group, 

R 2 represents a group COR6 wherein R6 is a C1-3 alkyl group; 

r 3 represents a hydrogen atom; a methyl group, which may be in either the a 
or S-configuration; or a methylene group; 

R4 represents a hydrogen, chlorine or fluorine atom; 

R5 represents a hydrogen or fluorine atom and the symbol represents a 

single or double bond. 

by the direct esterification of a corresponding androstane-1 7-carbothioic acid 
of formula I wherein Ri=H with a halofluoromethane of formula XCH2F, 
XCHF2 or XCF3, wherein X = Br or CI, and optionally in the presence of a 
catalyst 

2. A process for the synthesis of an androstane-1 7-carbothioate ester as 
defined in Claim 1, wherein Ri is -CH2F, by reaction of an androstane-1 7- 
carbothioic acid of formula I wherein Ri=H with bromofluoromethane or 
chlorofluoromethane, and optionally in the presence of a catalyst 




R 3 



(0 



* • 

3 A process for the synthesis of androstane-1 7-carbothioate esters as 
described in Claim 1 where Ri is a polyfluoromethyl group of formula -CF 3 or 
-CHF 2 . by the reaction of androstane-1 7-carbothioic acids with a 
halofluoromethane of formula XCF3 or XCHF 2 . wherein X=CI or Br. 

4. A process as defined in Claim 1 . wherein the process is performed 
under a pressure of 1-100 atm. 

5. A process as defined in Claim 1 , wherein the catalyst is a phase- 
transfer catalyst. 

6. An androstane-1 7-carbothioic ester of general formula I 




65 
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wherein Ri is a fiuoromethyl, difluoromethyl or trifluoromethyl group, 
R 2 represents a group COR6 wherein Re is a C-|_3 a'W 9 rou P'. 

R3 represents a hydrogen atom; a methyl group, which may be in either the a 
or ft-configuration; or a methylene group; 

R4 represents a hydrogen, chlorine or fluorine atom; 

R5 represents a hydrogen or fluorine atom and the symbol represents a 

single or double bond, whenever prepared by the process of Claim 1 . 



7. Fluticasone, whenever prepared by the process of Claim 1 . 
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Fluticasone pWpionate, whenever prepared by the proce^rf Claim 1. 



For the Applicant 

WOLFF, BREGMAN AND GOLLER 
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